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llmI uayqeHHH PBAHOBKTHB!lh!X rrpOAYK.TOB HAepHhlX peaKUHii 

'IBCTO O'lellb BaJKHa 6bICTpOTa H YIIHBepcanbHDCTb rrpHMeHHeMbIX 

MeTOAOB paliHOXHMH'leCKOI'O anamf3a, TTpu paapa6oTKe IIOBhlX 9K

crrpeCCHhl~ MeTOAHK Bee 6onbrnee BIIHMBHHe 06pama10T K npouec

caM, rrpoucxoAHUJHM B raaoBoii cpaae, ocymecTB,HIH paaAeneuue, KaK 

npaBuno, na xpoMaTorpacpuqecKoM np1rnuune, Heo6hI'laiiuo 9cpcpeK

THBHhIIi MeTOA r~30BOii xpo.MaTorpacpHH AO 9ux nop Mano .ITPIIMeHH

eTCH AnH auanuaa CMeceii,9neMeHTOB, 8 DCHOBHOM 9TO CBH.38110 C 

HeAOCTBTKOM ITDAXOAHIUIIX neTy'IHX coeAl!HeHHii MeTannoB, 8 nac'to

HIUee BpeMH B.raaoBoii xpoMaTorpacpnn MeTannoB 11cnonbay10TCH 

TDnbKO ABB Tnna BeIUeCTB: ranoreHIIAhl .AnH 9neMCHTOB IV II 60-

nee BhlCOKIIX rpynn TTepHOAH'leCKOA CIICTeMhl H opraHH'leCKlle xe-. 

Ill 
naT11b1e coeA11ue1111H f3 -,AIIKeT011aThi) AnH pHAa 11epex0Am,1x 

MeTannoB, B TOM 'IHCne AnH peAK03CMenbllhIX 9neMeHTOB, 

OnncaHHhie B nnTepaType MeTOAl,1 II03BDnHIOT pa6oTaTb C rano

reHIIABMH, npe>KAe acero C xnopllABMII, TeMrrepaTypa KIIITeHIIH KO

TDpblX He Bh!We 350°. Oun He npnMeHIIMhl AnH 6onee 'leM 40 9ne

MeHTOB TTepnonuqecKOil, CIICTeMhI, IIMeJOIUHX xnopllAhl C TeMrrepaTy-

0 
poii .. KnneHIIH OT 500 AO 2000 • K 9TIIM 9neMeHT8M OTHOCHTCH . me-

nO'IHbJe, meno'IHoaeM.enbHhie II peAKoaeMenbHhie MeTannhr, MHorne 

BKTIIIIOIIAhl II d. -nepexoAHhle MeTannhI, Kpol\1e ,Toro, paapernaJOUJa~ 

cnoco611ocTb, AOCTHI'HYTBH B xpoMaTo.rpacpHII xnopllAOB, ITDK8. HeBhl

COKa II ITD9TOMY paaneneuue 9neMeHTOB C 6n113KHMII CBoftcTBBMII 38T

PYAHeHD, 

3 
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TTpH HCITonb30BaHHH xenaToB yaanocb pa3aenHTb a·a:lKe peaKo-
/ 2/ . . . . . 

3eMenbHbJe aneMeHTbl • OaHaKo TPY/:IIIOCTb H ITpoaon:lKHTenhHOCTb 

CHHTe3a HCXO/:IHblX coeaHHeHHii: pe3KO . 3aMe/:lmleT 8H8mI3, HecMOTPH 

·Ha aocTaTo•rny10· 6bICTpoTy caMoro xpoMaTorpacpH'IecKoro ITpouecca. 

MeT0/:1 ITOKa He ITpHMeHHM am1 cneJ:{OBb!X KOnH'IeCTB. 

. Heo6XO/:IHMO OTMeTHTb, 'ITO ITpeano)Kel!Hh!e xpoMaTorpacpH

qeCKHe MeTO/:IHKH /:lnH xnopH/:IOB H /:IHKeToHaT0B HaITpaaneHbl 118 

aHaailTH'IeCKOe ITpHMeHeHHe, B TO BpeMg K8K /:lnH panHOXHMHH H8H

.6onee aaxrno ITpeITapaTHBHoe pa3aeneHne cMeCH cnenoBbIX KonH'IeCTB 

aneMeHTOB. TaKaH 38/:18'18 pemaeTCH ITOKa ITp8KTH'IeCKlf T0nbKO CITO

MOlllbJO TepMoxpoMaTorpacp11n xnopnaoB Ha KaITnnnHpHoii: KonoHKe 

c TeMITepaTypHbIM rpanneHToM. Pa3pema10maH cIToco6HocTb aToro 

cIToco6a pa3nene11HH o'IeHb l!II3Ka. 

J,f3 CK838HHoro BII/:IHO,. 'ITO ITOTpe6HOCTb B pa3pa6oTKe HOBblX 

6b!CTpblX II YHl!Bepcanbl!b!X ITpeITapaTl!BHb!X MeT0/:10B ITO-ITpe:lKHeMy 

aKTyanb11a, 

B 1967 roay rpyaH n Oii:
131 

coo6mnn11, 'ITO, Bo3aeii:cTByH 

ITapaMn Tpexxnop11cToro an10M11HnH Ha TBepah1ii: TpexxnopHCTbIH 
·. .. 0 

Heon11M ( ITp11 TeMITepaType 200-800 n aaaneH1111 xnopnaa amoM11-

HHH. Bb!llle 1,5 aT), OHi! Ha6n10nann P.e3KOe B03p8CT8Hlle KOHUeH

TpaUllH HeonHMa B ra30BOH cpa3e BCnenCTBlle o6pa30B8HliH neTy'IliX 
/4/ 

KOMITneKCOB. Db!Ol!Hr 06Hapy:lKnn cymecTBOB8Hlle neTy'IHX K0MIT-

neKCOB xnopncToro anroMl!HIIH c pH/:IOM anxnop11aoa MeTannoa B ITo

ao6HbJX ycnOBllHX. 

Mb! ITOCT8Bl!nl! CBoeii: uenbJO ocymecTBllT1;> Ha. OCHOBe IICITOnb-

30B8HHH IToao6Horo poaa KoMITneKCHhIX coemrne~nii: ra3oxpoMaTo

rpacpH'lecKoe ITpeITapaTHBHoe pa3ae~eHHe MeTannoa, o6pa3yJOlllHX 

TOnbKO HeneTyq11e xnopH/:lhI, ITpl! cpaBHHTenbHO HH3KOH TeMITepaTy

pe KonoHKH,Dm1 aToro oKa3anocb Heo6xon11MbIM BBecTir ITapbI xno-
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pHCToro anroMHHIIH B K8'IeCTBe KOMIIOHeHTa ra3a-HOCHTenR, 'IT06bI 

rrpeITHTCTB0B8Tb paCIT8/:IY · HeCTOHKIIX K0MITneKCHbIX MoneKyn. B nnc

cepTaUHH 0Tpa6aTb!BanHCb COOTBeTCTByJOIUHe BOITpOCbl TeXHHKH . 9KCITe

pHMeHT8; ll3y'Ianl!Cb 38KOHOMepnocTH xpoMaTorpacp11qecKoro IIOBe

neHH51 penKo3eMenbHbIX ll 8KTIIHOllAHbIX aneMeHTOB, a T8K:lKe ane

MeHTOB HeK0TOpblX apyr11x rpyITIT, ITpoBO/:IHnl!Cb OITb!Tbl ITO pa3nene-. 
HIIIO CMeceii: II ITO rrpHMeHeHHIO MeTona nnH pemeHHH neKOTOpb!X 

ITp8KTH'IeCKHX panHOXIIMH'IeCKHX 3ana_'I, 

II. 

. /5 6/ 
3KCITepnMeHTanbH8H ycTaHOBKa, nocTaHOBKa 0ITb!TOB • 

B pe3ynhTaTe ITpenaapnTenbHbIX nccnenoaauHii: 6b11m BhI6paHa 

cneny101U8H KOHCTpyKUHH arrrrapaTypbl H MeT0AHKa ITpoBeJ:{eHl!H OilbITH. 

CHCTeMa (pnc. 1) ll:3 TepMOCTaTa 1 H pHna Tpy6'18Tb!X ITeqeii: 

2,4,5 C03/:laBana Hy:lKHbIH TeMITepaTypHbIH pe:lKllM B/:I0nb CTeKnHHHOH 

KOHCTpyKUHH 6, COCTOHllleii: ll3 Tpex '18CTeii: pa3HblX /:ll!aMeTpoa, CIT8HHHblX 

.B onHo uenoe, Co6cTBeHHo xpoMaTorpacp11qecKaH KonoHKa rrpencTaB

nHna co6oii: KaIIHnnHp Hnn Tpy6Ky, 3aITonueuayro uacanKoii: B B11ne 

CTeKnHHHblX mapl!KOB. KonoHK8 II0Memanacb. B TepM0CTaTe 1. flo

A0'IK8 3 C 0CT8TKOM rrocne yrrapHB8HHH B Heil: commoKHCnoro pacT

B0pa 11ccnenyeMh1x aneMeHTOB rroMemanacb. B 3oHy rreq11 2, naxonH-

O · 
meiicH ITpl! TeMITepaType 180 • CHcTeMa

0 
rrponyaanacb renHeM c ITa-

paM11 THOHHnxnop11na anH xnopHpoaaHHH ITperrapaTa II o6e3BO:lKHBa

HHH acero TpaKTa. 3aTeM B Te'IeHHe HeCK0nbKHX MIIHYT rrporrycKancR 

ITOTOK renHH, H8CbJUl8HHblJ°! /:10 38/:18HHOH K0HUe!!Tpamrn ITapaMH xno

pHCToro an10MnH11H rrpH rrpoxo:lKneHHH qepe3 cnoii: KpHcTanm1qecKoro 

Al U 3 B Tpy6Ke 7, nocne 3aITonHeHHH c11cTeM1.,1 11aµaM11 xnop11cT:iro 

anJOMl!HIIII llllT0K T'/138 OCTaHaBnHBllilCH l! 'feMITepaTypa B 30He no-
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noqKH pe3Ko.nonHHManac& no 500°. 3aTeM cHoaa nonaaancH rennu 

c xnopHCThIM amoMHHHeM H HaqnHarioc& xpoMaTorpa<jmpoaaHHe. 

TaKHM ot5pa3oM, ycTaHOBKa oTnnqanac& TeM, qTo 11pouecch1 cHHTe3a 

KOMIIneKCOB H HX xpoMaTorpa4'HpOB8HHe ocymecTBnHnHCb B onHo'u 

H ioii )1(9 cncTeMe. 3To Ba)KHO BBnny. BhICoKou rnnponnayeMocTH 

xnopHCTblX coenHH9HHH MeTannoB. 

Pa3nenH9Mbl9 coenHH9HHH Ha BbIXone H3 KOnOHKH KOHA9HCHpo,.;. 

BanHCb BM9CT9 C .xnopHCTblM amoMHHHeM. XpoMaTorpaMMa CHHMa

nacb OT0OpOM IIOpUHH KOHA9HCaTa C IIOMOUJbIO irepnonnqecKH Bhl/lBH

raeMOH Tpyt5oqKH 15 H nocnenyroWHM H3MepeHHeM y-, fJ-HnH a -aK

THBHOCTH HnH KonopHMeTpnqeCKHM aHanH30M: KOHneHCaTOB. B cnyqae 

Heot5xonnMocTH npoaonnnac& nneHTn¢nKaung naoTodoa no cneKTpaM 

Y- n a - H3nyqeHHH. 

nnH xopornero KaqecTBa xpoMaTorpa¢npoaaHHH Heot5xonnMo 

0hinO COKpaTHTb Bp9MH BBona npenapaTa no MlllrnMyMa. ITpn pat5oTei 

· c y -aKTHBllhIMH H30TonaMH · aneMeHT0B MO)KHO · o,hmo c noMoru&ro 

CUHHTHnnHUHOHHoro.naTqHKa cnennTb 38 KHHeTHKOR BBona npenapa-
·' 0 

Ta B KonoHKy. OKa3anoc&, qTo npn TeMnepaType 500 - MaKCHManb-

Ho B03MOlKH08 nm1 cTeKnHHHoR annapaTyph1, napunan&Hoe naaneHne 

napa xnopHCT0rO anIOMIIIIHH ( p Al Cl) nonlKHO PhlTb OKOno 100 MM 
2 ll 

pT. cT. nnn Bh1rne. B aTnx ycnoangx "ncnapeHne" 06pa3ua nponcxo-

nnT 38 1-3 MHHyThl. 

3aBHCHMOCTb BpeMeHn ynep)KHBBHHH Ha KOnOHKe OT nayx rnaBHhIX 

.napaMeTpOB - TeMnepaTypbl KOnOHKH n p Al Cl- noKa3aHa Ha pnc. 2. 
2 6 

BnnHO~ qTO B nnana30H9 100-200 MM pT. CT. H3M9H9Hlle p 
Al 2Cla 

cna6o BnHH9T Ha BpeMH yneplKHB8HHH, KOTOpoe B t5on&rnen CT9119HH 

38BHCHT OT TeMnepaTyphl KDnOHKH. 3Ta 38BHCHM0CTb aecoMH9HHD . 

0Tp8)K89T He TDnbKO CB08CTBa C8MHX xpDM8TDrpa¢npyeMbIX coenn

H9HH8, HOH Monn<tinunpyromee neRCTBHe Ha IIOBepXH0CTb CTeKna 

7 
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pbl KOnOH.KH ( rrpH p Al 201 6 - 220 MM pT.cT.). 
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/5/. rr , " 
napoa xnopHCToro amoMHHirn • apbI All?--'I 6 8ACOp6HpyHCb1 

CHH~aroT TennoTy 8ACOp61mH xpoMaTorpacfiHpyeMbIX BemecTB, 'ITO 

npHBOAHT K CHH~9HHID Heo6xoAHMOH pa6oqeft TeMnepaTypbl KonoH_

KH H K yny'Illl9HHID BocnpoH3BOAHMOCTll pe3ynbT8TOB. XnopHCTbIH 

anroMHHHii, no-BHAHMOMy, B H9KOTOpb!X cny'IBHX BbIIIOnHH9T H ponb 

xnopHpyromero areHT8 B AononHeHHe K AeiiCTBHID THOHHnxnopHAa. 

III. 

XpoMaTorpadJHH xnopHilOB penKo3eMenhHblX H 8KTHHOHilHblX 

· . /6 7/ 
l')neMe_fITOB • 

B nepByro·oqepeAb npo~epHnOCb, HBnHeTCH nH KOMnneKcoo6pa-

30B8HHe C xnopHCTblM anIDMIIHHeM o6mHM CBOHCTBOM peAK03eMenb

HhlX sneMeHTOB H MO~HO nH nony'IHTb neTy'IHe_ KOMimeKCbl B 6onee 

MHf'KHX ycnoBHHX ( no TeMnepaType H ABBneH~ro. napoB AIJ:1 a ) • 
n1 . 

'IeM B pa6oTe • 011eHHBanacb T8K~e CKOpOCTb o6p830B8Hl!H KOMn-

neKCOB H HX npO'IHOCTb. OnbJTbI, BbIIIOnHeHHbl9 no OTAenbHOCTH 

C 13 peAK039MenhHb!MH sneMeHT8MH, noKa3anH, 'ITO npH p Al Cl 
· 2 6 

0 
B npeAenax 50-300 MM pT.CT H npll 400-500 xnopHAhl peAK03eMenb~ 

Hb!X sneMeHTOB o6pa3yIDT neTy'IHe coeAHHeHHH, TpaHcnopTHpyromHeCH 

f'830BblM IIOTOKOM B AOCTaTO'IHO ll!HpOKOil o6naCTH TeMllepaTyp -

OT 150 AO 500°. ITpH pe3KOM oxna~AeHHH IIOTOK8 coeAHH9HHH 3a

xBaTbJBaroTCH KOHA9HC8TOM xnopHCTOf'O anroMHHHH. Oco6oe IIOBeAe-

HHe 6bmO OTM9'19HO T0nbK0 y eBpOIIHH, KOTOpb!H MeAn9HHO OTf'O-

HHnCH C noAO'IKH H pac11peAenHnCH 110 BCeMy TpaKTy. 

ITepBbie OllblTbl 110 pa3AeneHl!ID CMeceft llpOBOAHnHCh Ha Ka

llHnnHpHOH KQnOHKe BHyTpeHHIIM AH8MeTpOM 1 MM H AnHHOH Bcero 

2,5 M H, HeCMOTpH Ha STO, A8nH YAOBneTBOflHT/:!nhHbl9 peaynbTaTbl 
. . . 0 

(pHc. 3). Pa3AeneHHe BbIIIOnHeH0·11pH 250' PAl2Cl5= 90MMpT.CT 

H llpH pacxoAe renHH 12 MnlMHH. Kos¢4iHI1HeHTbl pa3AeneHHH AnH 
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Pnc. 3. Pa3neneHne cMeceii naHTBHOllllHhIX aneMeHTOB Ha Karrnn
m1pHoii KonoHKe nmrnoii 2,5 M. TeMrrepaTypa 250°, rrapunanhHaH 
yrrpyrocTh rrapa AI

2 
Cl 

6 
- 90 MM pTiCT.,. pacxon rennH 12 Mn/ MnH. 

10 

I. 

I 

{ 
,: 

fl 

\ ,, 
ii 
l 
(: 

I 
l 
Ii 
I. 

r 
'j 

}: 
,, 
/, 

/, 

I 
I 

' 

Tpex rrocnemmx naHTaHOHllHbIX aneMeHTOB ( T~ , Yb , Lu ) 

cymecTBeHHO rrpeBOCXOllHT Koa<P<f>nuneHTbl pa3neneHHH llnH 9TllX 

6 • ,1-. I Bl • 
aneMeHTOB B HOHOO MeHHOH xpoMaTorpa~nn ll ra30BOH xpoMa-

/2,9/ 
Torpa<f>nn xenaToB • 

Bbmll pa3neneHbI TBK)Ke rrapbl Y- Tb , Sc-Tb ', Sc- Y • 

BnnHo, qTO B pHllY naHTBHOHllOB BpeMeHa ynep)KHBaHHH yMeHblliBIDT

CH C yaennqeHneM IIOPHllKOBOro HOMepa aneMeHTa. CxaHnHii H HTTpHii 

BblMbIBBIDTCH H3 KonoHKH paHhllie Tep6nH, T.e. B rrono)KeHHH TH)Ke

nbIX naHTaHOHllOB. TaKHM o6pa30M, neTyqeCTb KOMrrneKCOB CBH38Ha 

C pB3MepoM HOHa MeTanna. 

K Haqany Harneii pa60Tbl B nnTepaType He 6bmO HHKBKHX llBHHb(X 

0 B3BHMOlleiiCTBHH xnoplillOB aKTHHOHllOB C xnopHCTb1M anIDMll!meM. 

HaMH nccnenoaanoch xpoMaTorpa<f>nqecxoe rroaeneHne Pa , U , 

Np , Pu , Am n ·cm • Bbmo rroKa3ano, qTo rrpn pA 1 e1·>100 MM 
2 6 

0 
pT. CT. H rrpn 500 ace yKa3aHHble aneMeHTbl B03rOHHIDTCH C no-

noqKH n TpancrropTHpyIDTCH ra3oM-HOCHTeneM· npn TeMrrepaType 

BbJIDe 200°. 

Ha OCHOBaHHH OUblTOB c oTnenbHblMH aneMeHTaMH 6binH nono-

6paHbi' ycnoanH nnH pa3neneHnH cMeceii. Ha pnc. 4 noKa3aHa xpoMa

TorpaMMa CMecn rrnyToHnii-aMepnunii-Kropni!, mmyqeHHaH Ha Karrnn

nHpHoi! KonOHKe nnnHoi! ]0 M. AMepnuni! n KIDpni! BblMblBBIDTCH a no

pHnKe yMeHbllieHHH aTOMHblX HoMepoB II03)Ke Tep6nH, T.e. B nono)Ke

HHH nerxnx naHTBHOHllHblX aneMeHTOB. Pacrrono)KeHne UHKa rrnyTOHHH 

. Benell 38 IIHKBMH KIDpHH H aMepmrnH rrpn 6nH3KHX Koa<f><f>nuneHTaX 

pa3neneHHH cocenuux· aneMeHToB yKa3bIBaeT Ha To, qTo B ycnonnsix 

xpoMaTorp~<f>nqecxoro OIIbITa rrnyTOHHii iraxonnTCH B TpexaaneHTHOM 

COCTOHHHH. 3TO cornacyeTCH C H3BeCTHoii Kpaiiueii HeycToiiqnBOCTbID 

PuCl 4 

BpeMeHa ynep)KHBBHHH Pa , Np H · U ( pnc. 5) oqeHh Manb1 

no cpaBHeHHID c BpeMeHeM ynep)KHBaHHH Tep6HH. BblCIDHe xnopHllbl 
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Pnc. 5, XpoMaTorpaMMbl 8KTHHOll.QHbIX aneMeHTOB, rrony'IeHHbie Ha 
Karrnnnnpuou KonoHKe .onnuou 10 M, TeMrrepaTypa 250°, rrapunanb
Han yrrpyro<;:Tb rrapa Al 2 CI 6 - 100 MM pT.cT., pacxo.o rennn 

8 MnlMHH, 
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npoTaKTHHHH n ypaHa caMH no ce6e aocTaToqHo neTyqn. OnHaKo 
0 . 

npn TeMnepaType 500 , npn KOTopoll: nponcxonnT BBeneHne npoohr, 

reKcaxnopnn ypaHa nonmeH nnccounnpoBaTh c o6pa3oBaHneM TeTpa

xnopnna, KOTOpb1if Mano neTyq. B TaKoll: me cTerreHn Mano neTyqnM 
• /10/ 

HBnHeTCH H Np Cl 4 - Bb!CWHll: ll3BeCTHbill xnopnn HeIITyHmI ... 
noaToMy, IIO KpaifHell: Mepe AnH ypaHa· n HerrTyHllH, OO'bHCHeHne ManhIX 

BpeMeH ynepmnBaHHH cnenyeT llCKaTb B ocooeHH()_CTHX nx KOMIIneK

coo6pa30BaHHH C XllOpllCTbIM amoMHHlleMo 

IV. 

XpoMaTorpadJHH xnopnnoB IIIeno'-IHbIX, IIIen0'-IH03eMenbHbJX 
I 11/ 

d -rrepexOLlHbIX MeTannoB ll -HeKOTOpbIX npyrnx aneMeHTOB 

nocne ycrreWHbIX OIIbITOB C naHTaHOHAaMH H aKTHHOllAaMH HaMH 

nanee nccnenoaanacb B03MomHOCTb rrpnMeHeHnH ra3oBoll: xpoMaTorpa

qmn C xnopHCTbIM. amoMHHHeM B KaqeCTBe amoeHTa nnH aneMeHTOB 

npyrnx rpyrrrr nepHOAlfqecKOit CHCTeMbI, o6pa3yJOIIIHX TOnbKO 'Hene

Tyq11e"' xnopHAbl ( C TeMrrepaT_ypoit KHIIeHHSI HnH B03rOHKH Bb!We 

500°). EbmH rrponeneHbl OIIb!Tbl C 20 MeTannaMH, OOlllHH pe3ynbTaT 

KOTOpblX IIpHBeAeH Ha pnc. 6. 3HaKOM rrnroc Ha pncyHKe OTMeqeHbl 

MeTannhI, xnopHCTbie coeAHHeHHH KOTOpbIX ynanocb xpoMaTorpacf>n

poBaTb B ycnoBHHX HaWHX 3KCnepnMeHTOB, 3HaKOM MHHyc OTMeqeHbl 

aneMeHTbI, KOTOpble He ynanocb HaomonaTb Ha BblXOAe ll3 KOnOHKH, 

HeCMOTpSI Ha BapbllpOBaHne ycnoBnll:. KpymKaMll 0003HaqeHbl ane

MeHTbI, 06pa3yrom11e nocTaToqHo ycToll:'!HBbie neTy'!ne xnopllAbI 1 

B03MOmHOCTb xpoMaTorpacjmpoBaHllH KOTOpb!X He Bbl3bIBaeT COMHeHnll:. 

KaK BHAHO ll3 pncyHKa, MOmHo xpoMaTorpaq>npoBaTb TaKne 

. aneMeHTbI KaK Ba , Zn , Cd , Tl I Cu , Co , Pd Rh • 

llfellO'IHbie MeTannbl xpoMaTorpaq>npoBaTb He ynanocb, XOTH Na 1 

Rh I Cs B03rOHSinHCb C rrnaTHHOBOll: (Ho He co CTOKnSIHHoll:) no-

14 
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n I II Ill IV v VI VII VIII 

1 H He 

2 Li Be • B • C N 0 F Ni 

3 Na- Mg 1At • Si ,P • s Cl Ai 

4 
K ea- Sc+ i • V • Cr- Mn- Fe, Co+INi-l 

+Cu +Zn • r.c • Ge ,As • Si Bl Kr • 

5 
Rb- Sr- Y+ Zr• Nbe Mo. Tc- Ru- Rh+IAf+! 

-Ar. +Cd +In • Sr , St • Te J Xe 

6 
Cs• Ba+ La• Hfe Ta• 1w • Re, Os. Ir• !Pt ,l 
le Au ,·-H~ +n A , Bi • A- At Rn 

71s:r Ra !Ac Ku, 

. RfjP;.+jNd AitlsmEu-,Gcl"hb""lotlHo !Er ~lvinAi+I 
llh jAJ•p•ijrpit'!A,1tb)tac fer .,g. ffm '4d I 

Pnc. 6. CBOAHasr Taonnua nony'IeHHhIX peaynbTaToB. 3HaKoM -rrnroc 
( +) OTMEl'IeHbl aneMeHTbI, KOTOpb1e xpoMaTorpaq>HpOBanncb rrpn < 
250° n P Al 01 .. 200 MM pT.cT. 3HaKoM MnHyc (-> oTMe'!eH1,1· -
aneMeHThI, ipoRrnTorpaq>npoBaTb KpTopbie B Tex .me -ycnoanHx· He 
ynanocb; KpymKaMn OTMe'!eHbl aneMeHTbl, HMeromHe neTy'!He 
xnopHAhI •. 
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noqKH H nepeHOCHnHCb Ha HeKoTopoe paCCTO.!IHHe B 3oHe C TeM-
0 

nepaTypoii oKono 500 .AHanornqHoe noseneHHe 6h1no oTMeqeno 

y Ca H Sr • B cnyqae Ag Ha6nronanocb HeKoTopoe yMeHhIDeHHe 

'aKTHBHOCTH B nonoqKe, HO OHa o6Hapy}KHBanacb .B HenocpencTBeH-

HOH 6nH30CTH Ha CTeHKax Tpy6KH. Onb!Tbl C Mn H Ni nposonHnHCb 

co CTa6HnbHb!MH H30TonaMH ·s KonnqeCTBaX OKono 5 Mr Ha Haca

noqHoii KonoHKe. TTocne 20-MHHYTHoro OilbITa s CTaHnapTHb!X ycno

BH.!IX yKa3aHHbie aneMeHTbl B KOHneHcare xnopHCToro anroMHHH.!I He 

6blnH o6Hapy}KeHhI. He aaMeqeHa neTyqecTh H y coennHeHHii xpoMa. 

flaHHbie no oTnenbHblM aneMeHTaM ITO3BOnHnH pa3nenHTb He

KOTOpb!e cMeCH. Ha pnc. 7 .noKa3aHo paaneneHHe CMeCH MHnnHrpaM

MOBbIX KOnHqeCTB Menn C MHKPOKonnqecTBaMH. UHHKa H K06anbTa. 

Ebmll paaneneHbl TaK}Ke· CMeCH In - Zn In - Tb , Ga -Tl 

C ycnexoM paanenHnHch KnaccnqecKHe napbI 
90 Y - 90 Sr n 

140Ba _ 140,La 

B KaqecTse apyroro npnMepa npaKTHqecKoro ncnonh30BaHHH 

MeTona npllBOllHTC.!I peaynbTaT Oilb!Ta co CMeCb!O npoayKTOB o6nyqe

Hll.!I HH06HeBoii Ml!meHH IIOHaMH 
22 

Ne ( pHC, 8). 3neMeHTbl Ru • 

Tc , Ag ocTaroTCH Ha nonoqKe, Pd :In , Rh BhIMhIBaroTc.11 cpa3y 

3a csoi5oaHhIM o6'heMOM, Cd Bbrnen.11eTC.!I B oTaenbHYIO <fipaKUHIO. 

Ha aToii xpoMaTorpaMMe TaK}Ke s11aHo, qTo aneMeHThI Mo H Nb 

JIM0!0lllHe neTyqne xnopHllbl, B npncyTCTBHH ·xnopHCToro anroMHHH.!I 

6bICTpO npoxoa.!IT qepe3 KOnOHKy. 

B pe3yJibTaTe 6bmH nposeneHbl .Oilb!Tb! noqTH co BCeMH aneMeH

TaMH, o6paayrol!lHMH HeneTyqne xnopHah1. 
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Zn 

2 4 

Co 

Cu . 

I\ 
6 8 tO 12 

BpeMtt{HUH} 

Pnc. 7. PaaneneHHe cMecn UHHK, Ko6anhT, Meah Ha HacaaoqHoii 
KonoHKe npn 200°, pacxoa renn.11 22 Mn/ MHH. 

... 
~ 
i 
~ 

.C:, 

I 
.! .. 
~ 
J 

Jn 

Cd 

.i'--:t ..• s o-,-
8Pf11• (IIUH} 

Pnc. 8. Pa3aeneHne cMecn.aneMeHTos nocne o6nyqeHHH HHo6nesoii 
<fionbrH HOHaMH Heona-22. Kannnn.!IpHa.!I KonOHKa anHHOH IO M., 
TeMnepaTypa 160°, pacxoa renHH 8 MnlMHH. 
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v. 
KoMnneKCb! xnopIICToro am0MIIIIIIH II xpoMaTorpad>IIH 

/6 7 11/ 
!{eneTy'IIIX xnopI1noB1 O6cy)l<nemre ' ' 

HayqeUIIIO KOMimeKCOB C xnopIICTbIM anlOMill!IleM B ra30BOfi 

qiaae rrocBHmeHbI nIIIUh eJIIIIIIl'lllbie pa6oTbI caMoro rrocneJinero Bpe

Me11I1. Mb1 rrpnBneKanI1 JinH o6cylKJiennH cocTaBa raaoo6pa3HbIX 

KoMnneKCOB n IIX ponII B xpoMnTorpa<jJI1I1 TaKlKe 6onee MHoroqncnen-

111,ie Jial!Hbre o KoM11neKcoo6paaoBa11I1I1 xnopncToro an10MIIHHH B TBep

JIOfi qiaae H B pacrrnaBax. ITpn 9TOM Mb! HCXOJIHnH H3 rrpe]lCTaBneHilfi 
/12/ • 

HonnKoBa , KoTopbm rroKaaan, 'ITO B o6meM cny'lae rrpn rrepe-

XOJie B rrap KOMrrneKc MOlKeT CT86HnH3HpOB8ThCH: 3a C'l~T 6anaHca 

aneprnfi cy6mrMaiurn. ncxoJIHux 6n11apnb1X xnopHJioB II KOMrrneKcnoro 

xnopIIJia, 9HTanhnng JIIlccouI1aUnI1 raaoo6pa3Horo KoMrrneKca Ha 

rnaoo6pa3111,1e COCTaBmIIOII{Ile MOlKeT npeBbIIIIBTh 9HTBnhlIHIO JlIICCO

UilllUIIH 3TOro lKe KOMrrneKca B TBepJI011' qiaae Ha TBepJibie KOMII0-

11e11ThI. 

nng 1genoq111,1x MeTannoB Il3BecTnu Kp11cTannnqecKne. coeJII111e

nI1H cocTaBa MAI Cl 4 , KOTOpb1e nnaBSITCH 6ea paanolKeHIIH. B TBep

JIOfi qiaae II B pacnnaBe cymecTBylOT no11b1 M + n TeTpaaJipH'lecKne 

IIOHbI Al Cl; , a B pacnnanax c 1136b!TKOM Al 2 Cl6 61,m11 0611apy

lKeHb1 TBKlKe IIOHhl Al2 er; . OJIH8KO rronara10T, 'ITO llpi! IICIIapeHmi 

coeJI11HeH11fi MAICI 4 

TaKoro lKe cocTaBa. 

9Hl!IO raaoo6pa3HblX 

B ra30BO!i qiaae HMelOTCSI TOnhKO MoneKynbI 

Hx cTpyKTypa cKopee BceroaHanornqna cTpo

MoneKyn Na Al F 4 , B KoTopbIX aToM Na Haxo

- I 13/ 
JIHTCSI rrpoTIIB rpaHII TeTp89Jipa AIF4 • naBne11I1e rrapa xnopo

/ 14/ an!OMHHBTOB meno'lllb!X MeTannoB, Il3Mepel!Hoe Mop030BbIM II Jlp. 

0 -4 _3 
B ycnOBHSIX HBIIIIIX Ollb!TOB ( ,,,300 ) , JlOCTl!raeT 10 :..10 MM pT.CTo 

HeyJI~'la IIOIIbITKII xpoMaTorpaqinpOBBHHH meno'IHbIX MeTannoB 061,gc-

HSieTcSI, 110-BIIJIIIMOMy, TaKofi Hil3Koll: neTy'leCThlO KOMrrneKcOB TIIIIB 

18 

MAI Cl 4 n CBHJieTenhCTByeT, B CBOIO oqepeJih, o TOM, 'ITO HeT 

KOMIIneKCOB C aqiqieKTHBHOll 9KpannpOBKOii rronHpHoii CBSI3H MelKJIY 

MeTannoM II xnopoanlOMHl!aTHbIM IIOHOM. qT06bI JI06HThCH IIOJIXO

JIHII{ero BpeMeHII yJieplKHBaHIISI, Heo6XOJIIIMO, O'leBIIJlHO, IIOJIHSITh 

0 
TeMrrepaTypy KOnOIIKII Bblllle 400 • 

llienoqnoaeMenhHbie n d -rrepexonHhie MeTannbI 0611apylK11na-

10T BeCbMa pa3nil'IHoe xpoMaTorpaqiI1qecKoe rroBeJieHne.nng MHornx 

Il3 nnx,, nanecTHbI TBepJib1e coeJinHeHIIH cTexnoMeTpnqecKoro coc

TaBa M (Al Cl 4 ).i. B pacrrnaBax c na6bITKOM Al 2 Cl 6 na rrpnMepe 

/ 15, 16/ ( . ) 
Ko6anhTa 0611apylKeHb1 TBKlKe MoneKynbI cTpoeHHH M Al Cl 4 

, (Al 2CI 7) H M(AI 2 CI 7) 2 H JIOKa3ano, 'ITO B HHX HMeeTcH 0KTaaJipH'lec-

/ 17 / 
Koe OKpylKeHIIe aTOMa Ko6anhTa 8TOM8MH xnopa. C~MeHeHKO H Jip. 

BrrepBbie Ha6nlOJIBnII KOMrrneKCbl B rrapax Macc-crreKTpOM9TpH'l9CKIIM 

MeTOJIOM. OHn 0611apylKHnn Be Al Cl 5 n rrpeJirronolKHnII B03MOlKHOCTh 

/ 18/ 
cymecTBOBBHHSI Be (Al Cl4)2. nhlOHHr , Ha OCHOBaHIIH TeII3IIMeTpil-

qecKIIX IICCne]loBaHHii rrpmnen K BblBOIIY. 'ITO JIHXnopIIJlbl MeTannoB 

o6pa3y!OT B rrapax rnaBHbIM o6pa30M M (Al Cl 4)2 H B Me11h111eii cTe- · 

rreHR M(AI Cl 4)(Al2 Cl 7 ). B OJIHIIBK0BbIX ycnonngx KOHuenTpaUHSI KOMII

neKCHbIX MoneKyn B ra30BOII qiaae B03pacTaeT, cornaCHO 3TOMY 

aBTopy, B pHJIY Ni<Ca< \ln<Co<<C,I < Zn • B Ha111nx on1,1Tax Ni 

Ca , Mn He BbIMhIBannch H3 KOnDHKH, a BpeMSI yJieplKHBDHHH 

xpoMaTorpa¢npy10mnxcg aneMe11ToB yMeHhWanoch B pHJIY Co•> Cd·> Zn • 

TaKIIM o6pa30M, xpoMaTorpaqinqecKoe rroBe]leHne COIIOCTBBHMO 

c aqiqieKTHBHOll: neTyqecThlO KOMrrneKCOB M(AICl 4) 2 • 

OcHOBHbIMII 38KOHOMepHOCTSIMH IlOB9]l911HSI penKo3eMenhHbll(. 

aneMeHTOB SIBnHeTCSI yMeHbllleHne BpeMeHII y]leplKHBaHHSI C yMeHbIUe

HHeM paJIIlyca HoHa n oco6oe rroBeJieHne eBporrIIH. K naqany Ha111eii 

pa6oTbl ne 6binO KOnH'leCTBeHHbIX JlBllllbIX O COCTaBe ra3oo6pa3Hb!X 

KoMrrneKcOB Al Cl 3 C Ln Cl 3 , TOr]la KBK Il3BeCTHble KOMrrneKCbl 
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:l 
11 

) 

c npyrnMn aneMeHTaMn npencTaBnHnII co6oil coennHeHIISI Tnna 

MAICla+x (rne M=Be 11 , Fem, Na 1 ) • ITo aHanornn MbI -

npennonollllinn, .'ITO _HMeeM neno c MoneKynaMn cocTaBa LnAI CI 
6 

, 

/19/ 'TeM 6onee 'ITO cymecTBYIOT TBepnb1e coenHH0HIISI 3Toro COCTaBa 

/20/ Ecnn cTpyKTypa TaKnx MoneKyn 6nnaKa K cTpoeHIIIO AI
2

CJ
6 

(nBa TeTpaanpa c o6nmM pe6poM), To BnonHe 0_61>SICHHM0 yBennqe

HIIe neTy'leCTH KOMnneKca no Mepe YM0Hblll0HIISI pannyca IIOHa naH

TaHonna. 0Tnnqne eBponnH 061>SICHHnocb HaM_n TeM, 'ITO Eu CI 
3 

nerKo OTIIIennHeT xnop c o6paaoBaHneM Eu CI 2 _ , ITocnenHnil B OT-
, /20/ 

nnqne OT TpnxnopnnoB naHTaHonnoB He nnMepnayeTcSI B napax 
/12/ 

'ITO, cornacHo HoBHKOBY . , Boo6me CBHil0T0nbCTByeT O Manon 

CKnOHHOCTH coennH0HllSI K KOMnneKcoo6pa30B8HHIO. 

C npyroil CTOpOHbI, Eu II no XHMH'l0CKHM CBOHCTB8M 6nH30K 

K meno'IH03eMenbHbIM MeTannaM II no Benn'IHHe noHHoro pannyca 

Eu +2 
HaxonnTcSI MelKJly Sr+2 n Ba+.2• Y'IHThIBBSI CIICTeMaTnqecKoe 

H3M0H0HH0 xpoMaTorpa¢nqecKoro noBeneHHSI C H3M0H0HH0M HOHHoro 

panIIyca B rpynne naHT8HOHAHbIX aneMeHTOB, MOlKHO OlKHfl8Tb, · 'ITO 

xpoMaTorpa¢nqeCKHe CBOUCTBa eBponnSI SIBnSIIOTCSI npoMelKyTO'IHbIMH 

no . OTHOIII0HHIO K CTpOHIIHIO H 6apnro. 

!lo CIIX nop, 0Ilff8KO, HST HHKBKIIX npSIMbIX YK838HIIH H8 cy-

IIIeCTBOBaHne MoneKyn 
/21/ 

Ln Al Cla- A BTOpb1 noHBHBIIIeilcH noalKe pa6o-

Thi npnIIInn K BbIBony, 'ITO npn naBneHnn napoB Al
2

CI aBbIIIIe 

1,5 aT xnopnn HeonnMa o6paayeT KoMnneKcb1 cocTaBa Nd(AICI 
4

) 
3 

n Nd (AICI J 2 (AI 2 CI 7) • B To lKe BpeMSI pac'l~T no ypaBHeHnSIM na 

3TOU pa60Tbl npIIBOJU[T K 3H8'1HTenbHO M0HblIIHM 3H8'10HIISIM KOH

U0HTpaum1 KOMnneKCOB B raaqpoil ¢aae B ycnoBHSIX HBIIIHX onbITOB, 

'10M BenH'IHHa, KOTopaSI HMena MeCTO Ha onb1Te npn pa6oTe C MIInnn

rpaMMOBbIMII KonII'l0CTBaMII naHTaHonnoB. lloaToMy Bonpoc O neTy-

qecTn KoMnneKcoB, coneplKamnx MeHee Tpex ennHnu Al CI 
3 Ha 

Ln ~1 3 , n nx ponn B xpoMaTorpa¢nn rpe6yeT nanbHeilIIIero nayqe

HIIH. 

20 

B cnyqae 8KTIIHOHAHbIX aneMeHTOB nonyqeHHbl0 naHHbl0 

nnH Pu , Am , Cm SIBnSIIOTCSI nepBbIM 3KCnepnM0HTanbHbIM CBll

neTenbCTBOM Toro, 'ITO TpexBaneHTHbI0 TpaHcypaHOBbl0 aneMeHTbl 

o6pa3yIOT C xnopl!CTbIM anIOMIIHIIeM KOMIIn0KCb! TaKoro lK0 Tll!Ia, 

KaK n Tp11xnopnnh1 naHTaHoiinoB. Manoe BpeMH yneplKHBaHHSI ypaHa 

n HenTyHHSI yKa3bIBaeT Ha o6paaoBaHne.npyroro pona KoMnneKcoB. 
/22/ 

B cnyqae UC! 4 fpyaH n MaK6eT aenaBHo o6HapylKnnn KoMn-

neKChI UCI2 (AI CI4 ) 2 , KOTOpbie npn paBHhIX ycnoBHSIX 06nana10T 

cymecTB0HHO 6onbIII0H ~¢eKTHBHOH neTy'leCTbIO, '10M KOMnneKCbl 

xnopHCToro 11eonnMa. 3To MOlK0T cnylKHTb o6oSICH0HH0M HSIIIHX 

xpoMaTorpa¢H'l0CKHX JiaHHbIX. 

BcnencTBHe paa11006pa3HSI B03MOlKHOro COCTaBa KOMnneKCOB 

Tpyn110 OlKilfl8Tb npoCTOH 38BllCHMOCTil xpoMaTorpa¢nqecKoro noBe

neHHSI pa3HbIX aneMeHTOB OT K8KHX-nn6o CBOHCTB HX xnopnnoB. TeM 

110 MeHee 6hma 0611apylKe11a onpeneneHHBH KoppenHIIHSI Me>Kny cno

co6HocTbIO K xpoMaTorpa¢npoBa11n10, T.e. neTyqecTbIO KoMnneKca 

H neTy'leCTbIO npocToro xnopnna M0Tanna. Ha 3TOH 38BllCilMOCTil 

cymecTByIOT nBa OCHOBHblX HCKnIO'l0HHSI! nerKo xpoMaTorpacfmpyIOTCSI 

6apnil Il penKo3eMenbllb10 aneMSHTbI, KOTOpb!0 o6pa3yIOT 'lp03Bb!'{8HHO 

HeneTy'lne xnopnnh1. B npenenax rpynn xnMnqecirn poncTBeHHhIX 

aneMeHTOB TaKoe COOTHOIII0Hll0 BblflOnHSI0TCSI ny'IIIIe. Eapnii, onnaKo, 

n anecb npencTaBnSieT ncKnroqeane. 061,11cHe11ne paannq11h1x HBnennii 

cnenyeT HCK8Tb, no-BnnnMoMy, B KOnll'l0CTB0HHOM H npocTp8HCTB0H

HOM CTpoe1mn KoMnneKcoB. C BoapacTa11neM qncna no110B Al CI; -

nnn Al 2c1; B MoneKyne ( MaKCHManbHO B03MOlKII00 'lllCno nx onpe-

nenSieTCSI BaneHTHOCTbIO M0Tanna) neTy'leCTb KoMnneKca nonlKHB 

pacTH 6naronapSI yMellblli0HllIO cnn M0lKMoneKynHpHoro npHTSilK0HllSI 

BcnencTBHe aKpaHnpoBBHHSI 8TOMa MeTanna xnopoanIOMHII8THbIMH 

nnrannaMn. _Onpenene1111y10 ponb MO>KeT nrpaTb TaKlKe npocTpa11-
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CTBeHH8SI opneHT8UHSI nnraHJlOB, KOTopaSI 38BHCHT OT KOopnn

HaunoHHoro qncna MeTanna. 

XOTSI nMeIOmnecSI naHHbJe O COCTaBe KOMnneKCOB B o6meM 

ne npoTHBOpeqaT pe3ynbT8TaM xpoMaTorpacjmqecKHX OilbITOB 

n a neKOTOpblX cnyqagx na6nIOnaeTCSI COOTBeTCTBne, >KenaTenbHO 

nMeTb ropa3no 6onbllle caeneHnii o KoMnneKcax, nonyqeHHhIX c no

MOlllbIO pa3nnqHblX cjiH3HK_O-:-XllMHqeCKHX MeTO/lOB. 

Bb!B0/lbl 

1, ITpenno>KeH n npoaepen npnnunnnanbHO HOBhiii cnoco6 pa3-

nenennH cMeceii MeTannoa - ra3oancop6unoHHaH xpoMaTorpacfinH 

xnopnnoa c ncnonb30BanneM napoB Al 2CI 6 B KaqecTBe KoMnoHeHTa · 

ra3a-nocnTenH. 3ToT npnnunn no3B0nH_eT aaMeTno CHH3HTb TeMne

paTypy KonoHKH npn xpoMaTorpacjinpoaannn neTyqnx xnopnnoa 6narona

PH ilHHUMHqeCKOH MO.i:mcjiHKSUH~ IlOBepxHOCTH KOnOHKH ancop6npy10-

ll!HMC_S1 xnopnCTblM anIOMHHHeM n, qTo 6onee B8>KHO, B pHne cny-

qaeB 6naronapH o6pa3oBaHHIO neTyqnx K0MnneKcoa xnopnnoa MeTan

noa c xnopHCTblM anIOMHHHeM ynaeTCSI xpoMaTorpacjinpoBaTb npn 

HeBblC0KOii TeMnepaType aneMeHTbl, xnopHJlbl KOT0pb!X HMeIOT TeM-
0 

nepaTypy KnnennH annoTb no 2000. 

2. Co3naua npocTaH no KOHCTPYKUHH ·xpoMaTorpacjinqecKaH 

ycTaHOBKa co cTeKnHHHoii KannnnHpHo8 nnn HacanoqHo8 KonoHKo8 

c yq~T0M TexHonornqeCKHX oco6eHHOCTe8 OilblTQB c nerKo rnnponH-

3yIOmHMHCSI xnopnnaMH. AnnapaTypa Il03B0nHeT npoB0JlHTb CHHTe3 

KoMnneKCHbIX xnopnnoa B npouecce aaenennH npo6b1 n npenapaTHB-

. Hoe pa3nenenne cMeceR c oT6opoM 20 cjipaKunR B onblTe. MoryT 

6bIT!=> pa3neneHbI KaK cnenoab1e, TaK n aecoBbie ( nopHJlKa MnnnnrpaM

MoB) KonnqecTBa aneMeHToa. 
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3. B OilbITax co Sc Y n 10 naHTaH0H/lHblMH aneMel!TllMH 

3KCilepnMeHTanbHO JlOKa3aHo, qTo o6pa30B8HHe neTyqnx KOMnneKC0B 

c TpexxnopHCTb!M anIOMHHHeM He SIBnHeTCSI oco6eHHOCTblO Nil Cl 
3 

, 

a HBnSleTCSI o6mHM CB0HCTBOM penKo3eMenbHblX aneMeHTOD, npnqeM 

B PHilY naHTaHOHJl0B C poCTOM aTOMHOro IIOMepa neTyqecTb KOMH-. 
neKcoB B03pacTaeT. OcymecTaneno raaoxpoMaTorpacjinqecKoe pa3-

o 
nenenne aTHX KoMnneKC0B npn TeMnepaType ~ 250 JI npn nap-

unanbH0M naaneHHH napa AIJ:16 B raae-HocnTene 90-200 MM pT,CT, 

KoacjicjinuneHTbl pa3neneHJISI C8Mb!X THJKenblX naHT8HOJIJlOB, K0Topi.ie 

Bb!Mb!B8IOTCH H3 KonoHKH nepBblMII, npeBOCX0/lHT KOOO,J<PlllmeHThl 

paaneneHJIH, JlOCTHrHyTbJe. npH IIOH006MeH1mfi XpOMllTOrpacj11111, 

4, BnepBbie aKcnepHMeHTanbH0 noKa3ano cyu(ecTBona1me ne

TyqHx KOMnneKCOB C xn_opHCTblM anIOMHHHeM nm1 xnopnnoa lJ 

Np , Pu , Am n Cm JI ocywecTBneHo HX xpoMan,rpaqi1P1eCKoe 

pa3neneune, KaqecTaennoe paanenenne Am -Cm nocTnrnyTo npH 

acjicjieKTHBHOCTH KOn0HKH B 150 TeopenIqecKl!X TapenoK, 

5, Hccnenoaana B03M0JKH0CTb xpoM11TorparpnponanHH 20 3ne

MeHT0B npyrnx rpynn, oopnay10umx TOnbK0 Mano neTyq11e xnopl!/lLI. 

Ha HIIX ynanocb xpoMaTorparp11ponaTb Bo, Tl , Zn , Ci! 

1',I , Co , Co Rh , qTo no acex cnyqa11x ( 3a ncKmo•Ie1111eM 

Cil ) 11an11eTc11 nepaI,IM cny,meM xpoMnTorpncj>11ponn11H11 11eoprr111n-

qecKHX coenn11em1il aTHx aneMeHT0B B raaoao1i cjia3e, a nm1 

n Tl aoo6we nepBbIM raaoxpoMaTorparpHqecKHM MeTonoM, 

Bo 

6, Ha npJ1Mepe Tb onpeneneua 3aBl!CHM0CTb apeMenn y/lep>Kn-

BaHHSI OT TeMnepaTypbl K0nOHKH ll OT napunanbHoro naaneHl!SI napoB 

Al 2 CI 6 B ra3e-nocHTene, 

7, IToKa3ana npHMeHHMOCTb MeTona. nm1 pemeHHH npaKTnqec-

KHX aanaq: paanenenHe nap Sr - Y 

nponyKT0B SIJlepHblX peaKUllil, 
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8. Pe3ynhTaTbl xpoMaTorpa¢i11t1ecK1IX onbITOB conocTaBmIIOTCSI 

C IIM0IOlillIMIICSI J:{aHHbIMII O KOMnneKcoo6pa3oBaHIIII xnopncToro anIO

MIIHIIH B napax, a TaK)Ke B TBepJ:tofi: II .)KIIJ:{KOfi: <pa3e. 

OcHOBHOe COJ:{0p)KaHIIe llllCCepTaunn ony6nllKOBaHO B pa6o-
/5-7 lit . 

Tax • ' II J:{OKnallbIBanocb Ha Pa6o'IeM COBemaHIIII no paJ:{110-

XIIMIIII ( Jly6Ha' 1968} II M 0:)!{llYHBPOllHOM CGMIIHape no paJ:tllOXII

MIIII (Jly6Ha, 1970}. 
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